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Introduction

Posttraumatic subarachnoid hemorrhage
(SAH) is relatively frequent in serious head
traumas, up to 20% in our institution. Small
amounts of blood in the sulci of the convexities
is the most common finding and are probably
caused by bleeding from small superficial veins
rather than arteries 3,4. Frequently intracerebral
hematomas and brain lesions occur in the same
area as the SAH.

Bleeding from cerebral traumatic aneurysm
formation occurs in approximately 1% of all
cases with subarachnoid hemorrhage from
aneurysms in adults 1,2. SAH in children is al-
ways suspect of traumatic aneurysm since spon-
taneous aneurysms are very rare in children.

Traumatic aneurysms may be separated into
three types. False aneurysms (pseudoaneur-
ysms) have no wall components and are for-
med by the surrounding anatomic structures
and in some cases also by a hematoma around
the ruptured arterial wall 3. Bleeding from such
aneurysms appears immediately following the
trauma. The aneurysm cavity tends to increase
quickly in size. The risk of a second bleeding is
extremely high and may occur after resorption
of surrounding edema and hematoma.

The second type, true false aneurysm, is
formed when not all layers of the arterial wall
are disrupted; e.g. with a remaining adventitia
and basal membrane 2,3. These aneurysms may
have primary bleeding due to partly rupture of

Summary

Subarachnoid hemorrhage following severe
trauma to the head is relatively common. In
most cases the bleed originates from superficial
veins and occasionally from arteries. Following
the replacement of cerebral angiography with
CT in the diagnostic evaluation of head trau-
mas fewer traumatic aneurysms have been ob-
served. This may indicate that some traumatic
aneurysms are missed if angiographic proce-
dures are not performed in patients with severe
head injury.

Trauma patients admitted to our institution
are submitted to CT including a bone algo-
rithm. In case of subarachnoid hemorrhage, es-
pecially in the basal cisterns, CT- angiography is
performed. Digital subtraction angiography is
performed as well in cases with uncertain inter-
pretations.

During one year 81 patients were admitted
with subarachnoid hemorrhage following head
trauma. Thirteen (16%) of them underwent CT-
angiography and in five (6.2%) with SAH in the
basal cistern traumatic aneurysms were found.
Four of these cases had a skull base fracture in-
cluding fractures through the clivus. Four cases
were embolized and one very small extradural
aneurysm is still not treated. One small perical-
losal aneurysm was operated.

A traumatic aneurysm should always be sus-
pected n patients with skull base fractures and
subarachnoid hemorrhage in the basal cisterns.
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all wall components followed by quick repair.
Early follow-up studies may show slow growth
which is a sign of threatening re-rupture A third
type is the dissecting aneurysm, that is a false
lumen between the intimal and elastic layers.
These aneurysms may occlude spontaneously or
lead to closure of the artery or bleed.

A mixture of all types of traumatic aneur-
ysms may even occasionally be seen.

In SAH located in the basal cisterns it might
be difficult to know whether the bleeding pre-
ceded the trauma or if the bleeding resulted
from a traumatic damage to the arteries. How-
ever, a bleeding in the basal cistern should in
any case be subject to further neuroradiological
examination to find the source of bleeding 5,6.

The aim of this paper is to describe the diag-
nostic and therapeutic aspects in patients with
skull base fractures and traumatic cerebral
aneurysms.

Material and Methods

From May 2006 to June 2007, 81 patients
with traumatic SAH after head trauma were
admitted and diagnosed from computed to-
mography (CT). The distribution of blood and
additional clinical and radiological findings
gave no indication of an aneurysmal develop-
ment in 68 cases (84%)

The conclusion based on medical history and
CT findings seemed uncertain in 13 patients

(16%) and a traumatic aneurysm could not be
excluded. All 13 underwent CT-angiography
(CTA) and digital subtraction angiography
(DSA) was added in six patients.

Results

Aneurysm was found in five (6.2%) out of 81
patients admitted with traumatic SAH and all
had a skull base fracture as well. Blood was re-
stricted to the basal cisterns close to the fracture
in these patients. One aneurysm was located on
the superior cerebellar artery. Four aneurysms
were located on the carotid arteries, three ex-
tradurally (figure 1A-F) and one other intradu-
rally. One originated from the superior cerebel-
lar artery. Two of the extradurally located
aneurysms were probably dissecting aneurysms.
The SAH was extensive in the basal cisterns as
well as in the anterior interhemispheric fissure
in one child and an aneurysm arising from the
left pericallosal artery was found (figure 2A-E).

Unlike spontaneous aneurysms all five trau-
matic aneurysms arose outside the arterial bi-
furcations. All aneurysms were embolized ex-
cept the pericallosal aneurysm that underwent
surgical occlusion. Table 1 gives an overview of
the five cases.

The explanation for the sparse SAH in the
extradural aneurysms may be the dissecting na-
ture of the damage to the carotid arteries and
rupture of the dura along the arteries.
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The young girl with the pericallosal aneur-
ysm was awake and in good clinical condition
throughout her stay. All other patients had long
intensive care but survived with minor deficits.
Control angiographies showed patent occlusion
of the embolized aneuryms.

Discussion

Not unlike the experience of others we have
seen fewer reports of traumatic aneurysms in
connection with severe head traumas following
the introduction of CT as the primary radiolog-

Figure 1 A 30-year-old man involved in a traffic accident. A) Skull base fracture involving the sphenoid bone (arrows). B)
CT shows discrete SAH in the right parasellar region (arrow). C) CTA, axial cut through cavernous sinus, demonstrates a
small leakage from the carotid artery into the cavernous sinus (CCF). D) CTA after two days demonstrates aneurysm in the
same location (arrow). E,F) DSA before and after coiling.
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ical tool in head traumas. In the late 70`s and
early 80`s when cerebral angiography was still
an important tool in diagnosing the nature of
damage to the brain, traumatic aneurysm
seemed to be more frequently reported 7,8, 9,10,11.
In later years reports have been more spo-
radic 12,13. Our institution covers a population of
2.5 million people and the low incidence of
aneurysms diagnosed after severe traumas dur-
ing the last couple of decades led us to believe
that many traumatic aneurysms were left undi-
agnosed. That might be very unfortunate since
the mortality and morbidity of such aneurysms
is considered to be high 3,4,5.

During recent years modern CT has given us
the possibilities of producing detailed CTA. All
spontaneous subarachnoid hemorrhages are ex-
amined with CTA on admission 14. These exami-
nations are the basis for further diagnostic
steps, as they also are in patients with suspected
traumatic aneurysms and arterial dissections 15.
Young individuals seem to be especially at risk
of developing traumatic aneurysms and it seems
appropriate to draw special attention to chil-
dren with massive SAH and hematomas around
the anterior cerebral falx. When the brain is dis-
located laterally crossing the midline and ante-
rior falx the anterior cerebral arteries are at risk
of wall damage and aneurysm development 2,6.
Even newborns may develop an aneurysm fol-
lowing traumatic births 16.

Due to our increased awareness we have dis-
closed more traumatic aneurysms in the last
year than ever before. We therefore deem it ap-
propriate to remind everyone who is involved
in treating severe head trauma of this definitive
possibility. We point out that almost all trau-
matic aneurysms in our material have a skull

base fracture which seems to be the cause of
the arterial damage and aneurysm develop-
ment. All trauma centers today have the envi-
ronment to perform CTA and thus should dis-
close this dangerous clinical condition before it
is too late. CTA is an easy examination to per-
form and it seems easy to defend a clinical rou-
tine that produces some CTAs too many rather
than risk overlooking a traumatic aneurysm.
SAH in children should be a definitive indica-
tion of a traumatic aneurysm since sponta-
neous aneurysms almost never occur in
children 17 even if the trauma is considered to
be minor 18. Increasing numbers of gunshot and
penetration traumas from sharp objects give an
additional cause for more traumatic cerebral
aneurysms 19,20,21.

Since the rate of lethal rebleed is around
50% in some traumatic aneurysms 2,5 an early
treatment strategy is important. The treatment
options vary between surgery and neuroradio-
logical intervention and the treatment should
consequently be located to larger trauma cen-
tres with acute neurosurgical and neuroradio-
logical services.

Carotid cavernous fistula (CCF) is another
related condition that may develop from skull
base fracture following arterial rupture of
carotid arteries in the region of the cavernous
sinus 22,23. CCF is usually easy to disclose since
retrograde arterial flow in the ophthalmic vein
usually gives a red pulsating eye.

In some patients the medical history makes it
very difficult to define whether the aneurysm is
spontaneous or of traumatic origin 24. The clue
to this diagnostic problem may be the skull
base fractures and other brain injuries. In some
cases the aneurysm formation may be very sub-

Case SAH Cerebral Skull base Coiled Operated Rebleed
No. (Fischer grade) damage fracture

1 3 +++ yes yes no no

2 1 + yes yes no no

3 2 ++ yes yes no no

4 2 ++ yes no no no

5 2 o no no yes no

total 4 4 3 1 0

Table 1  Summary of diagnostic and treatment data.
Cerebral parenchymal damage; grades 0 = none, 1 = slight, 2 = moderate, 3 = severe.
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Figure 2 Bicycle accident in a 12-year-old girl. A,B) CT
shows blood in the basal cisterns and in the frontal inter-
hemispheric fissure (arrow). C) CTA demonstrates a small
aneurysmal formation on the left anterior cerebral artery
(arrow). DSA five days following the trauma shows a slight-
ly increased size. E) Preoperative MR-angiography demon-
strates an even larger growing aneurysm (arrow).
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tle and develop slowly as in our case with the
young girl 25. Considering the excellent tools for
CT-angiography and the low complication rate,
the threshold for repeat angiography should be
low. In some rare cases spontaneous occlusion
of traumatic aneurysms may be observed 26.

Conclusions

Traumatic SAH is relatively frequent in se-
vere head trauma. Most cases have no arterial
damage or aneurysmal development. However,
it is important to draw special attention to cas-

es with skull base fractures and SAH in the
basal cisterns. We found traumatic aneurysms
in 6.2% of cases with severe head trauma and
SAH. It is important to treat these aneurysms
since the risk of re-hemorrhage is assumed to
be high. Aneurysms in children must be consid-
ered likely to be of traumatic origin even in mi-
nor traumas. In unclear cases with posttraumat-
ic SAH repeat angiography should probably be
performed; at least CT angiography.

Endovascular coiling of traumatic aneurysms
has proved to be a safe and adequate treat-
ment.

References

1 Holmes B, Harbaugh RE: Traumatic aneurysms: a con-
temporary review. J Trauma 35: 855-860, 1993.

2 Yazbak PA, McComb JG, Raffel C: Pediatric traumatic
intracranial aneurysms. Pediatr Neurosurg 22: 15-19,
1995.

3 Fukuda T, Hasue M, Ito H: Does traumatic subarach-
noid hemorrhage caused by diffuse brain injury cause
delayed ischemic brain damage? Comparison with sub-
arachnoid hemorrhage caused by ruptured intracranial
aneurysms. Neurosurgery 43: 1040-1047, 1998.

4 Mirvis SE, Wolf A et Al: Posttraumatic cerebral infarc-
tion diagnosed by CT. Prevalence, origin, and outcome.
Am J Neuroradiol 11: 335-339, 1990.

5 Meguro K, Rowed DW: Traumatic aneurysm of he pos-
terior inferior cerebellar artery caused by fracture of
the clivus. Neurosurgery 16: 666-668, 1985.

6 Nakstad P, Nornes H, Hauge HN: Traumatic aneurysms
of the pericallosal arteries. Neuroradiology 28: 335-338,
1986.

7 MacPherson P, Graham DI: Correlation of angiograph-
ic findings and ischaemia of head injury. J Neurol Neu-
rosurg Psychiatry 41: 122-127, 1978.

8 Taveras JM, Wood EH: Cerebral angiography in diag-
nostic neuroradiology; Vol II p. 543. Williams & Wil-
kins; Baltimore 1976.

9 Quattrocchi KB, Nielsen SL et Al: Traumatic aneurysm
of the superior cerebellar artery: case report and re-
view of the literature. Neurosurgery 27: 476-479, 1990.

10 Giannotta SL, Weis MH: Pitfalls in the diagnosis of
head injury. Clin Neurosurg 29: 288-289, 1982.

11 Gjertsen Ø, Nakstad PH et Al: Traumatic aneurysm of
the superior cerebellar aneurysm. Interventional Neu-
roradiology 13: 167-171, 2007.

12 Proust F, Callonec F et Al: Tentorial edge traumatic
aneurysms of the superior cerebellar artery. J Neuro-
surg 87: 950-954, 1997.

13 Marx MV, Tam A, Teitelbaum G: Traumatic pericallos-
al pseudoaneurysm. Journal of Vascular & Interven-
tional Radiology 16: 631-634, 2005.

14 Pedersen HK, Bakke SJ et Al: CTA in patients with
acute subarachnoid hemorrhage. Acta Radiol 43: 43-49,
2001.

15 Schwatz RB, Tice HM et Al: Evaluation of cerebral
aneurysms with helical CT. Correlation with conven-
tional angiography. Radiology 192: 717- 723, 1994.

16 Piatt JH, Clunie DA: Intracranial arterial aneurysm
due to birth trauma. Case report. J Neurosurg 77: 799-
803, 1980.

17 Chambers N, Hampson-Evans D et Al: Traumatic ane-
urysm of the internal carotid artery in an infant: a sur-
prise diagnosis. Paediatric Anaesthesia 12: 356-361,
2002.

18 Senegor M: Traumatic pericallosal artery aneurysm in a
patient with no major head trauma. Case report. J Neu-
rosurg 75: 475-477, 1991.

19 Ferry DJ, Kempe LG: False aneurysm secondary to
penetration of the brain through orbitofrontal wounds.
Report of two cases. J Neurosurg 36: 503-506, 1972.

20 Rezai AR, Lee M et Al: Traumatic posterior cerebral
artery aneurysm secondary to intracranial nail: case re-
port. Surg Neurol 42:312-315, 1994.

21 Song JK, Srinivasan J et Al: Internal carotid pseudoa-
neurysm and cerebral infraction from shotgun pellet
penetration and embolization. Am J Radiol 173: 111-
116, 1999.

22 Nakstad PH, Hald JK, Sorteberg W: Carotido cav-
ernous fistula treated with detachable balloon during
bilateral transcranial Doppler monitoring of middle
cerebral arteries. Acta Radiol 33: 145-148, 1992.

23 Halbach VV, Hieshima GB et Al: Carotid cavernous
fistulae. Indications for urgent treatment. Am J Neuro-
radiol 8:627-632, 1987.

24 Tsubokowa T, Katani A et Al: Treatment of traumatic
aneurysm of the cerebral artery. Identification between
deteriorating type and spontaneously disappearance
type. Neurol Surg 3: 663-672, 1975.

25 McDonald EJ Jr, Winestock DP, Hoff JT: The value of
repeat cerebral angiography in the evaluation of trau-
ma. Am J Radiol 16: 792-797, 1976.

26 Nakstad P: Spontaneous occlusion of traumatic perical-
losal aneurysm and pericallosal artery. Neuroradiology
29: 312, 1987.

Per HJ. Nakstad
Department of Neuroradiology 
Division of Medical Service
Ullevål University Hospital
University of Oslo
N-0407 Oslo, Norway


